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152a Sunday, March 1, 2009translocation. For that, the structural order of lipid membranes was investigated
by measuring fluorescence polarization of membrane-bound fluorophores such
as 1,6-phenyl-1,3,5-hexatriene (DPH) and 1-(4-trimethylammoniumphenyl)-
6-phenyl-1,3,5-hexatriene p-toluene sulfonate (TMA-DPH) in the presence
and absence of different cephalosporin generations as a function of tempera-
ture. Location studies have been also carried out using electron paramagnetic
resonance (EPR) spectroscopy, valuable tool for collecting information on
the dynamics of lipids and membrane structure. The results obtained suggest
that the incorporation of these antibiotics into DMPC and DMPG bilayer
does not significantly modify their transition temperature whereas perceptible
changes in the cooperativity of the phospholipid transition are observed.
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The conductance of gramicidin A is sensitive to the charge of the lipid bilayer
in which it resides. We used this property to probe the effects of lanthanum3þ,
hexaamminecobalt3þ, and spermidine3þ on the surface charge of phosphatidyl-
serine (PS) bilayers. Addition of trivalent cations to negatively-charged PS bi-
layers reduced gramicidin conductance below the conductance seen for neutral
phosphatidylcholine bilayers, to a level nearly as low as for positively charged
trimethylammonium propane bilayers. This suggests that trivalent cations can
overcompensate the negative surface charge of the PS bilayer. Complementary
zeta-potential measurements of PS liposomes with trivalent cations also sug-
gested charge inversion. There were differences in the concentrations required
to invert charge among the different cations, with lanthanum3þ the most potent
and spermidine3þ the least potent. We also find that the rate of channel forma-
tion is sensitive to the surface concentration of permeating ions. Our interpre-
tation is that gramicidin monomers in a bilayer exist in different configurations
and that the equilibrium between these configurations depends on the cation
binding within monomers. The difference in occupancy of monomers by cat-
ions makes channel formation dependent on the surface potential.
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Negatively charged lipids are usually located in the inner leaflet of the plasma
membrane. Their appearance in the outer leaflet is known to correlatewith several
physiological and pathological conditions in cells. Understanding howmembrane
lipids lose their asymmetric transmembrane distribution and achieve their nonran-
dom distribution in cells is a key challenge in cell biology. Negatively charged
lipids do not spontaneously exchange between the two leaflets of a lipid bilayer
because the polar headgroups cannot readily cross the hydrophobicmembrane in-
terior.Wehypothesized that the formationof a transienthydrophilic lipidicpore in
themembrane leads todiffusive translocationofnegatively charged lipids through
the pore to the opposite membrane leaflet. To test this hypothesis, we established
a variation of the inner field compensation technique for time resolved measure-
ments of membrane boundary potentials in asymmetric bilayer lipid membranes
formed by the Montal-Mueller method. External application of electric fields
across the bilayer induced transient conductive states. We observed fast transi-
tions between these different conductance levels, reflecting opening and closing
of meta-stable lipidic pores. Comparison of the capacitance minimization poten-
tial for different asymmetric membranes before and after pore formation con-
firmed negatively charged lipids transfer across the bilayer. We also constructed
amodel governing lipid flow rate based on pore analysis and lipid lateral diffusion
rate. Together, our study provides a new tool to monitor loss of membrane asym-
metry and our results indicate that lipid transfer can occur through lipidic pores.
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Lateral diffusion in the plasma membrane is obstructed by proteins bound to the
cytoskeleton. The most important parameter describing diffusion in the pres-
ence of immobile obstacles is the percolation threshold, where long-range con-nected paths disappear and the long-range diffusion coefficient D goes to zero.
To describe obstructed diffusion, it is more accurate to find the threshold di-
rectly than to extrapolate a low-density expansion in the obstacle concentration
to find the concentration at which D ¼ 0. The thresholds are well-known for
point diffusing particles on various lattices or the continuum. But for particles
of nonzero radius, the threshold depends on the excluded area, not just the ob-
stacle concentration. Earlier results [Saxton, Biophys J 64 (1993) 1053] for the
triangular lattice showed a very rapid decrease in the threshold as the radius of
the diffusing particle increases, but a lattice model gives very low resolution.
The current work finds the percolation threshold for circular obstacles in the
two-dimensional continuum as a function of the radius of the diffusing species.
The thresholds are obtained by a Monte Carlo method based on the Voronoi
diagram for the obstacles. Each Voronoi bond is by definition the path equidis-
tant from the nearest pair of obstacles, so the separation of that pair determines
whether a diffusing particle of a given diameter can traverse that bond. For
point obstacles, then, one can choose a threshold corresponding to the diameter
of the diffusing particle, set the conductivity of all bonds narrower than that di-
ameter to zero and all wider bonds to one, and test for bond percolation on the
resulting Voronoi diagram. The results are used to find the thresholds for lipids
and for proteins of different diameters. (Supported by NIH grant GM038133)
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The properties of interlamellar water are critically important to the structure and
function of biological membranes. Recent developments in femtosecond infra-
red spectroscopy on membrane systems at various hydration levels have opened
the possibility of direct comparison between experiment and molecular dynam-
ics simulations on the same time scales. The interpretation of experimental find-
ings can benefit from a detailed computational study of water solvation structure
and dynamics of inter-lamellar water at these hydration levels. In this presenta-
tion, we report molecular dynamics simulations of 1-palmitoyl-2-oleoyl-phos-
phatidylcholine POPC bilayers in the liquid-crystalline state and at three
hydration levels. Simulations were performed in the canonical ensemble using
the GROMACS software package. The extent to which water is influenced by
the presence of membrane depends on the hydration level. We found the aniso-
tropic diffusion constant of lipid water exhibits interesting crossover behavior as
the water molecule moves from the head group region toward the bulk region.
The anisotropic hydrodynamic diffusion of water is explained by structural per-
turbation of the water hydrogen bond network by the lipid. Radial distribution
function, spatial distribution function, and power spectra of water are calculated
to consolidate our interpretation. This work was partially supported by the
National Science Foundation under Grant No. DGE-0221680.
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Wehave designed and synthesized novelmetal-ligand complexeswith amine- or
acyl- reactive functional groups. These complexes have potential as luminescent
probes to investigate bio-macromolecular dynamics on the submicrosecond-to-
microsecond timescale. This time scale is of interest, for example, for analysis of
the motions associated with large macromolecular assemblies and interactions
involvingmembrane-bound proteins. Herewe report the photophysics and struc-
tural properties of (1) the complex [HRu(CO)(dicarboxy-bipyridyl)(PPh3)2]
þ
[PF6]
 conjugated to the lipid dipalmitoyl-phosphatidylethanolamine (DPPE)
and (2) the complex [(CF3CO2)Ru(CO)-(5aminophen)(Ph2PC2H2PPh2)]
þ
[PF6]
 conjugated to cholesterol. The conjugated complexes were incorporated
in unilamellar lipid membrane vesicles to investigate the photophysical proper-
ties of these probes in the membrane environment and to evaluate the utility of
these probes for investigating the physical properties of lipid membranes.
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Sunday, March 1, 2009 153aGramicidin A (gA) channels make an ideal system to test molecular dynamics
(MD) of membrane proteins (and ion permeation). In addition to being one of
the most highly studied membrane ‘‘proteins’’, gA channels are tiny, relatively
speaking, allowing for longMD runs and calculations of potential of mean force
in tractable time. The structure of gA has been determined by solid-state Nuclear
MagneticResonance (NMR) and solution-stateNMR.The structures are in over-
all agreement, but differ slightly in backbone pitch and in a few amino acid (AA)
side chains orientations. Most of these differences have been understood using
MD simulations of gA channels in planar bilayers (Allen et al., J Am Chem
Soc. 125:9868-77, 2003). Because the AA backbone lines the pore and trypto-
phan side chains are in close proximity to the permeating ion, the average struc-
ture and extent of fluctuations of all atoms in the peptide will greatly influence
ion permeation. This raises the question of howwellmolecularmechanical force
fields used in potential of mean force studies of ion permeation can reproduce
experimental backbone and side chain structure and dynamics. To examine
this we measured the gA channel backbone dynamics using solution state
15N-NMR on gA dimers in sodium dodecyl sulfate (SDS) micelles, in parallel
with fully atomistic MD simulations on a gA dimer within an explicit SDS mi-
celle. The methods enable us to examine the robustness of the MD simulations
done under different conditions (different tryptophan force fields, with/without
CMAP corrections), as well as their ability to predict the NMR observables.
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The purpose of this study was to further investigate the properties of the
fluorescent probe merocyanine 540, which has been used frequently for over
two decades to assess membrane phase properties under various conditions.
Differences in emission spectrum shape at temperatures above and below the
thermotropic phase transition of model membranes have been hypothesized
to represent changes in the position and orientation of the probe in the bilayer.
This hypothesis suggests specific predictions concerning probe mobility in the
membrane as a function of temperature and emission wavelength. We tested the
hypothesis using measurements of steady state anisotropy and fluorescence
lifetimes in dipalmitoylphosphatidylcholine vesicles. Below the lipid phase
transition temperature, steady state anisotropy decreased by 0.2 units across
the emission spectrum from short to long wavelength. In contrast, anisotropy
was more stable as a function of emission wavelength when measured above
the transition temperature. Fluorescence lifetimes showed minimal wavelength
dependence at either temperature. Anisotropy experiments were repeated at
a variety of probe-to-lipid ratios to assess the role of probe aggregation on
the observations. The data supported previous findings from measurements
of the quantum yield of merocyanine 540: in the gel phase, two separate pop-
ulations of the probe (monomers and dimers) fluoresce. The monomers, which
emit at short wavelengths, are oriented perpendicular to the bilayer surface, and
are limited in mobility by neighboring phospholipids. The dimmers, which emit
at long wavelengths, are oriented parallel to the bilayer surface, and are local-
ized in a membrane region where motion is less restricted, perhaps in the region
between the membrane leaflets. At higher temperatures, only monomers fluo-
resce but exhibit higher mobility due to the lower order of the membrane phase.
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Rational design and engineering of membrane active peptides remains a largely
unsatisfied goal. We have hypothesized that this us due, in part, to the fact that
somemembrane activities, such as permeabilization, and cell penetrating ability
are not dependent on specific amino acid sequences or specific three-dimen-
sional peptide structures. Instead they depend on interfacial activity; the ability
of a molecule to partition into in the membrane-water interface and to strain the
packing and organization of lipids.We are testing that idea by taking a novel ap-
proach to biomolecular engineering and design of membrane-active peptides.
Several rational combinatorial peptide libraries containing 10-16,000 members
have been screened forwater solublemembers that either permeabilize phospho-
lipid membranes or translocate without permeabilization. Stringent, two-phase,
high-throughput screenswere used to identify dozens of unique peptides that had
potent membrane permeabilizing activity or cell penetrating activity, but were
also highlywater soluble. These rare and uniquely active peptides did not alwaysshare a particular sequence motif, peptide length or net charge, but always share
common compositional features, secondary structure and core hydrophobicity.
We suggest that they function by common mechanisms that depends mostly
on interfacial activity. We demonstrate here that composition-space peptide
libraries coupled with function-based high-throughput screens can lead to the
discovery of diverse, soluble, and highly potent interfacially active peptides.
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Translocation is a defining characteristic of cell-penetrating peptides and antimi-
crobial peptides that act intracellularly. Found in nature, these membrane-active
peptides are being redesigned as therapeutic agents of drug delivery, gene-ther-
apy, and anticancer activity. Such peptides can only be loosely categorized as
small, cationic peptides, and even with that broad definition there are outliers.
They are best defined by their function to translocate across membranes where
they exert their action. Here we have used a function-based approach to isolate
12 translocating peptides from a 10,000þmember peptide library of rational de-
sign, using a high-throughput screen for monitoring the non-membranolytic
translocation of peptides across lipid bilayers. The 12 residue framework of
the library, designed with translocation in mind, is a series of 9 combinatorial
sites followed by a C-terminal alpha-1-chymotrypsin cleavage site, integral to
the screen. The resulting residue in each combinatorial site is one of 2 - 4 variable
amino acids, with a hydrophobic or cationic residue available in each position.
The sequences of the translocating peptides from the screen have no specificmo-
tif, but similarities do arise in overall compositional features, hydrophobicity,
and general deficiency of an ordered structure. The continued trend in a lack
of convergence regarding a structure-function relationship supports function
based screening of peptide libraries as the best way to arrive at de novo mem-
brane-active peptides with specific functions of interest.
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Antimicrobial peptides, the so-called host defense peptides (usually 12 to 50
amino acids long), exist in all living organisms and play a key role in host defense
and innate immune response. Protegrin-1 (PG-1) is one of such peptides and has
theb-hairpin conformations in aqueous solution andmembrane environments be-
cause of inter-strand disulfide bonds. The oligomer states of PG-1 largely depend
on membrane types. PG-1 inserts spontaneously and exists as a monomer in a
DLPC membrane. In POPC, the minimum structural unit of PG-1 appears to be
a dimer that exists in the membrane. To investigate the PG-1 orientation in lipid
bilayers,wehaveperformed comparativemolecular dynamics simulationsofPG-
1 monomer in DLPC and POPCmembranes. We have also calculated the poten-
tials of mean force (PMF) of PG-1 monomer (with two different rotation angles)
in DLPC and POPC membranes as a function of its tilt angle using the b-hairpin
restraint potential that we have recently developed. In this work, we will present
the simulation results and the calculated PMFs, along with the comparison of
calculated solid-state NMR properties with available experimental data.
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Sacroplasmic reticulum Caþ2-ATPase (SERCA) plays an essential role in trans-
porting Ca2þ ions from the cytosol to the lumen during contraction of cardiac cells.
Phospholamban (PLB) is a membrane-bound peptide involved in SERCA regula-
tion. Unphosphorylated PLB inhibits SERCA while phosphorylation of PLB
relieves the inhibitory effect. It has beenproposed that phosphorylation of phospho-
lamban causes a structural change in SERCA in a switching mechanism between
the twomain conformations of SERCA, E2 andE1.Detailed structural information
of membrane-bound PLB, especially in the context of SERCA is lacking. Molecu-
lar dynamics simulations of PLBwith andwithout SERCAarepresented to provide
atomistic information about its structure and dynamics as a function of phosphor-
ylation, binding to SERCA, and E2-E1 conformational switch in SERCA.
793-Pos Board B672
Antimicrobial Lipopeptides In Anionic And Zwitterionic Membranes
Investigated By Molecules Dynamics Simulations
Alan Grossfield1, Julie Hwang1, Michael C. Pitman2.
1University of Rochester Med School, Rochester, NY, USA, 2IBM Research,
Yorktown Heights, NY, USA.
